Survey sampling is one of the sampling methods of an object to provide information estimation of population parameters that became the focus of research. One of the methods that used to estimate population parameters is direct estimation method. However, when the direct estimation is used it will cause a large standard error. To handle that problem in small area we add information about the same parameters in other small areas which has similar character, or the value of the variables that are related to the variables being observed, this method is known as the small area estimation (SAE). In this mini thesis, small area method that we use consider spatial correlation between area, spatial Empirical Best Linear Unbiased Prediction (EBLUP). The estimator of spatial EBLUP depends on the variance component and spatial correlation, but in practice they are unknown. Therefore, to get the spatial EBLUP estimator it is necessary to first estimate the variance of random effect and correlations between area. In this mini thesis we use maximum likelihood method and scoring algorithm to estimate the variance of random effect and correlations between area.
Introduction
In statistics, we know survey sampling which is one of the sampling methods of an object to provide information estimation of population parameters that became the focus of research, such as mean, variance, etc. The object that became the focus of research is called domain. A domain (area) is regarded s large if domain-specific sample is large enough to yield "direct estimates" of adequate precision and a domain is regarded a "small" if the domain specific sample is not large enough to support direct estimate of adequate precision [1] . But in reality, it is seldom to get a large and complete amount of data to support the estimated population parameters that are the focus of our research. Even when a survey has large enough sizes to support the production of direct estimates for the total states of population, these sample sizes may well not be large enough to support direct estimates for subgroups of the state population. Therefore, various ways have been developed to accurately obtain the estimate information, although the sample size is not sufficient enough to get a direct assessment. One of statistical techniques that utilize additional information (auxiliary variables), such as census data and or administrative records of the small area, as well as administrative records of other small areas that have similar characteristics, such techniques are called small area estimation [2] .
Small area
A small domain or description of a small geographic area can also be referred to as a small area. Small area can be village/sub-district, district, ethnic group, or age group. As for a statistical technique that utilizes additional information (auxiliary variables), such as census data and/or administrative records of the small area, as well as other small area administrative records that have similar characteristics are Basic and Applied Sciences Interdisciplinary Conference 2017 Journal of Physics: Conference Series 1442 (2020) 012032 IOP Publishing doi:10.1088/1742-6596/1442/1/012032 2 called small area estimation. In the small area estimation (SAE) method, the information used is not only derived from that area but also utilizes auxiliary variables from other small areas that have similar characteristics or values to those small areas, as well as the value of the variables that are related to the variables being observed.
There are two basic assumptions in developing the SAE model: (i) Variations within a small area can be explained by the diversity relationships that exist in the supplemental information as a steady effect. (ii) Small area specific variations can not be explained by additional information and it is called small area random effects. The combination of the two assumptions above forms a mixed model [3] .
The survey was conducted to estimate population parameters. The classical estimate to estimate parameters is called direct estimation The results of this survey can be used to obtain reliable estimates of the total as well as the average population of an area or domain with a large sample size. However, when the direct estimator is used for a small area, it will cause a large standard error. In addition, direct estimates can not be used in non-selected areas as samples, because there is not any data that can be used to make predictions.
To solve standard error problems in small area estimates is done by adding information about the same parameters in other small areas that have similar characters or values in the past, or the values of the variables that are related to the variables being observed. The estimation of parameters and their inferences using such additional information is called indirect estimation. This indirect estimator method has a statistically borrowing strength of information about the relationship between the observed variables and the added information. Indirect estimation is based on an implicit model or an exponential model that provides a link that links small areas through additional data. Pratesi and Salveti [4] wrote that this indirect estimator consists of two types, the indirect estimator based on the implicit model, synthetic estimator and composite estimator, as well as indirect estimators based on model-based explicit models that combine random effects across areas.
A small area estimation for mixed models was first developed by Fay and Herriot [5] , to estimate the per capita income of a small area based on U.S. Bureau of the Census surveys. This model is further known as the Fay-Herriot model which is the basic model for the development of small area models;
where ! ! is direct estimator for the i-th area; ! ! is parameters of concern for the i-th area; ! is coefficient regression;
Model 1 further elaborated by Rao [2] for the following area levels:
where ! ! = ! !! , ! !! , … , ! !" is auxiliary variable; ! : coefficient regression p x 1; ! ! : random effects of the area in the i-th area assuming ! !~! !" ! 0, ! ! ! ; m:number of small area dan ! ! : vector that contains the weight of the area random effects.
Equation model (2) is a connector model between the parameters of concern ! ! and the supporting variable ! ! . The model is a model of the level area, where supporting data are available only up to the area level. However, in drawing conclusions about the population under model 1, it is assumed that the immediate estimator ! ! is available, and can be written as follows:
where ! ! is a sampling error that is assumed to be known , ! !~! "# 0, ! ! ! . The models in equation (2) and equation (3) if combined would be: 
The model (4) consists of a random effect and a fixed influence so that it becomes a special form of a mixed linear model with a diagonal matrix structure [6] .
Spatial EBLUP
The model 5 assumes that there is a random effect, but these effects are independent between areas. In fact, it is reasonable to say that there is a correlation between adjacent areas. The correlation will decrease as the distance increases [7] . The SAE model by incorporating spatial between-area correlations was first introduced by Cressie referred in Rao [2] , assuming spatial dependence following the conditional autoregressive process (CAR). This model was then developed by several researchers including Salvati [6] by assuming that the spatial dependence entered into the error component of the random factor followed the simultaneous autoregressive process (SAR). This SAR model was first introduced by Salvati [6] where the vector random effect = ! ! :
where, !: random effect area; !: spatial autoregressive coefficients showing the power of spatial relationships between random effects. The value of ρ ranges from -1 to 1. The value of ρ > 0 indicates that an area with high parameter values tends to be surrounded by other areas with high parameter values as well and an area with low parameter values surrounded by areas with low parameter values as well. While the value of ρ <0 indicates a high parameter value surrounded by an area with a low parameter value as well as vice versa; W: spatial weighted matrix that describes the neighboring structure of a small area in the form of line standardization (the number of each row in the matrix W is 1); u: error vectors from the random effects of the area, averages equal to zero and variance ! ! ! ! ! . If we substitute a random effect vector 6 into model 5, then we will obtain the following model
with I is the identity matrix of size m x m. From equation (7), it is seen that the average v is 0 and the covariant matrix v (G) is as follows:
Based on the model 7 and by substituting the variance-covariance matrix 5, the spatial Best Linear Unbiased Prediction (BLUP) estimator for the parameter ! ! with ! ! ! , ! ! ! and ! is known is:
Where ! = ! ! ! !! ! !! ! ! ! !! ! and ! ! ! is a vector of 1 x n (0,0,..0,1,0,..,0) with 1 pointing at the i-th location spatial BLUP will be the same value as BLUP under the model of random impact area if ρ = 0 [4] .
The estimator of ! ! ! ! ! ! , ! in equation (10) still depends on the variance component ! ! ! and the unknown coefficient of correlation. As with the EBLUP estimator, the EBLUP spatial estimator ! ! ! ! ! ! , ! is obtained from spatial BLUP by replacing the value of ! ! ! , ! with its estimator:
